Propagation of citrus somatic hybrids with potential for utilization as rootstocks.
Introduction
Citrus plants are commercially propagated by grafting onto rootstocks that have the capacity to induce desirable characteristics in the scion such as fruit quality and resistance to biotic and abiotic factors.
Despite the great genetic variability among citrus and other genera in the Rutaceae family, conventional breeding programs have limitations to developing new rootstock cultivars. This is due especially to the barriers related to citrus reproductive biology such as nucelar embryony, polyembryony, high heterozygosity, pollen and ovule sterility, sexual incompatibility and juvenility [1] . Thus, most of the citrus cultivars developed around the world during this last century have been selected from mutations and natural selections.
The development of biotechnological techniques, associated with conventional breeding, has made it possible to overcome some of the natural barriers in citrus breeding and has led to the development of cultivars with superior qualities. Among the biotechnological tools applied in citrus breeding, protoplast fusion has presented great potential by producing somatic hybrids (allotetraploids). These hybrids maintain the complex genetic combination from both parents and there is no meiotic segregation characterized by the associated expression of dominant characteristics [2] . The production of interspecific and intergeneric somatic hybrids in citrus through protoplast fusion may result in the production of more promising rootstocks. It is possible to combine the desired characteristics from two separate species into the new hybrid.
Adequate propagation of new somatic hybrids is very important in order to evaluate both the agronomic potential and the commercial use. Propagation through cuttings is an asexual method of multiplication that enables retention of characteristics from the mother plant and a rapid increase in the number of plants [3] . In studies that involve the characterization of citrus genotypes regarding the resistance and tolerance to biotic and abiotic factors, it is very important that in each genotype studied there is no genetic variability that could result in erroneous conclusions. Also, high coefficients of variation may be observed in this kind of study, especially in investigations that involve pathogens [4] , because plants grown from seed can be originated from zygotic embryos [5] . Considering the long juvenile period of citrus, it is essential to select fast vegetative propagation methods to evaluate these new genetic materials; many species can take more than five years before the first production [6] . The objective of this study was to evaluate the rooting capacity of cuttings and the initial development of 11 citrus somatic hybrids with potential for utilization as rootstocks.
Materials and methods

Plants of 11 citrus somatic hybrids (table I)
[7-9] cultivated in pots were selected for this study. This material was kept in an aphidproof screen-house under 50% shade-screen. The plants were submitted to medium-severe pruning in order to stimulate new sprouting. After 6 months, 15-cm-long cuttings, with at least three buds and two leaves, were collected from each plant. The leaves were cut to half of the original size. The base of each cutting was treated with indolbutyric acid (IBA) (1000 mg·L -1 ) for 10 min. Then, the cuttings were individually placed in 72-cell (cell capacity = 120 cm 3 ) expanded polystyrene trays filled with Plantmax Citrus TM potting mix.
The experimental design was randomized complete block with 11 treatments (somatic hybrids) and four replications, each experimental unit comprised of 18 cuttings. The cuttings were maintained inside an intermittent mist chamber [(25 ± 5)°C, 72% relative humidity, spraying time of 20 s with 10-min intervals] for 100 days. After 100 days, the average number of roots, and root length for each plant and the percentage of cuttings with callous and with roots were recorded.
After this evaluation, 40 cuttings from each somatic hybrid were selected and transferred to plastic bags [(35 × 20) Root formation in the cuttings was a response to the trauma produced by the cut at the base of the cutting. With the wound caused by the cut, a trauma in the xylem and phloem tissues occurs, followed by a cicatrization process with suberins responsible for the decrease in dehydration in the wounded area [10] . In this region, very often a disorganized cell mass called callous is
formed. The existence of callous in the roots may be correlated to root formation and, although they are two independent events, both tissue types need identical conditions in order to be formed [11] .
[ In general, somatic hybrids presented high rooting potential, occurring with more than 87.5% of cuttings in some cases. This fact has also been reported by other authors, where the [Citrus deliciosa + Poncirus trifoliata] somatic hybrid yielded root formation in approximately 90% of cuttings [12] . Related research on other somatic hybrid combinations also revealed that cuttings treated with NAA or IBA produced greater numbers of roots that were longer and thicker than those of the control. However, the effect of varying concentrations of these plant regulators on rooting was not uniform for all of the experimental clones [13] . On the other hand, the rootstocks utilized in citrus production have not shown a high percentage of rooting, for example that for 'Volkamer' lemon (65.9%), 'Rangpur' lime (60.3%), 'Swingle' citrumelo (48.3%), 'Sunki' mandarin (11.3%) and Poncirus trifoliata (13.6%) [14] [15] [16] . Sweet orange scion cultivars, such as 'Pera' and 'Valencia', have shown even lower rooting [(3.8 and 1.5)%, respectively], as opposed to 'Sicilian' lemon and 'Tahiti' lime [(77.9 and 83)% respectively] [16] [17] [18] .
The differences in the rooting potential between the somatic hybrids and the other citrus cultivars could be associated with the fact that the hybrids came from juvenile material; the cuttings were taken from plants that had not reached the reproductive phase. Juvenility may have played an important role in this process due to higher capacity to have adventitious roots induced in juvenile tissue [19] . Another factor that could have increased the root formation in somatic hybrids in this study was the pruning done in the stock plants before taking the cuttings in order to stimulate new growth. In mature plants, from species with low rooting capacity, it could be useful to induce new growth in order to increase this potential to form more roots [20] . 
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